The growing demand for knowledge about the effect of high temperatures on structures has stimulated increasing research worldwide. This article presents experimental results for short composite steel and concrete columns subjected to high temperatures in ovens with or without an axial compression load, numerically analyzes the temperature distribution in these columns after 30 and 60 minutes and compares them with experimental results. The models consist of concrete-filled tubes of three different thicknesses and two different diameters, and the concrete fill has conventional properties that remained constant for all of the models. The stress-strain behavior of the composite columns was altered after exposure to high temperatures relative to the same columns at room temperature, which was most evident in the 60-minute tests due to the higher temperatures reached. The computational analysis adopted temperature rise curves that were obtained experimentally.
Introduction
Structures lose their load bearing capacity when they are exposed to high temperatures. The strength and rigidity of steel are reduced with increasing temperature, and in addition to losing these properties, concrete suffers a reduction in area due to the "spalling" phenomenon.The composite system of concrete-filled steel tubes, beyond increasing the structure's load bearing capacity at room temperature, allows for greater exposure times to high temperatures compared to the same materials evaluated separately. Because the concrete is confined, it does not suffer from spalling, as the wall of the steel tube prevents the displacement of the concrete by not allowing a reduction in area. The presence of microcracks in the concrete helps to slow the deformation and internal heating of the filled steel tube. This type of composite structure collapses when the steel and concrete lose their load bearing capacity due to reductions in strength and rigidity, causing them to be incapable of supporting the applied load. Studies conducted in Europe and the United States concluded that the reduction in the strength of composite columns at high temperatures depends on the following factors: the duration of the exposure, temperature, column diameter, type of concrete, thickness of the steel tube and strengths of the concrete and steel. Figure 2 , for the case of a general composite column filled with concrete with the application of a constant stress and temperature variations, at the instant when the curve of axial displacement versus time reaches a maximum (part I), the steel tube is absorbing almost the entire applied load. After this point (part II), the steel tube begins to lose its strength and begins plastic deformation, thereby transferring stresses to the concrete. Thus, when using a load equal to 50% of the load bearing capacity of the composite section at the temperature of a fire, this deformation peak in part I will not be reached, and the section will not suffer plastic deformation. The results of tests at room temperature were obtained by Simões [3] , whose tested prototypes that had identical dimensions to those used in the present study.
Characteristics of the short columns
As shown in Figure 3 , 3/16''-diameter holes were made in the steel tubes before the concrete was added to allow for the insertion of thermocouples at standardized internal points for all of the tests. After curing, the plugs used to prevent the closure of the holes during the curing process were removed to permit insertion of the thermocouples. Five thermocouples were placed in each model: two in the concrete core, two at the steel-concrete interface and one on the external surface of the steel tube.
Environment and equipment
The Structures Laboratory of the State University of Campinas (Universidade Estadual de Campinas) was used for the tests. A 5,000-kN capacity press, a 600-kN capacity press and an oven capable of achieving temperatures up to approximately 1,200ºC were used for the tests. The oven used for the tests has the capacity to produce tempera-
The main objective of the present study was to analyze the loss of load bearing capacity of short columns after they are subjected to a fire; the short columns used are those whose normal compression strength is not affected by their slenderness. For this purpose, the behavior of short composite steelconcrete columns was studied using physical experimental tests, measuring the increase in temperature of the surface and internal points of these columns for 30 and 60 minutes of heating according to temperature elevation curves similar to the ISO 834 [1] curve, as shown in Figure 1 . Pre-heating to 200ºC was necessary so that the curve followed the ISO 834
[1] curve after reaching this temperature.
Experimental research methodology
The average compressive strength of the concrete was 28 MPa, with a modulus of elasticity of 22.975 MPa. The height of the tubes, 30 cm, was the same for all of the models.
To describe the studied series, the models were differentiated based on their load (L loaded and N not loaded -two columns with load and one without load were made for each type of tube), the thickness of the tube (6 mm, 8 mm or 6.3 mm) and the duration of exposure to the high temperature (30 min or 60 min). The studied models were grouped into series, as presented in Table 1 . During the heating process, axial loads were applied at 50% of the intensity of the normal compression strength for the composite section at high temperatures. This compression strength was obtained for each model using the program SuperTempcalc (ANDERBERG [2] ). The models were loaded before heating with monotonic loading, which was maintained until the models reached the set temperature. The models were then cooled to room temperature and subjected to static stress tests until failure. This procedure was performed to evaluate the reduction in the columns' normal compression strength after being subjected to a fire. The cross-sectional temperature distribution in the columns was The oven temperature was monitored using internal rod thermocouples coupled to a data acquisition system. After the tests in the oven, the models were cooled and tested with a monotonic load on the 5000-kN press. For the columns tested at 30 and 60 minutes, which were then cooled and tested under a static load, it can be observed that the yield strength was less than that obtained for the same columns left at room temperature. This reduction in strength occurred mainly for the columns that were loaded during heating. The columns with a 30-minute exposure time that were not loaded during the test were not different in terms of yield strength from those that were not heated. Table 3 presents the maximum axial yield strength values for the columns at room temperature and the columns that were heated and cooled. Figure 5 was prepared to better visualize the data. 
Experimental results and data analysis
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umn 1 in the series C63-60 (C63-60-1) as an example. Although the yield strength diminished for the column subjected to the oven before the static test, the behavior of the column was modified relative to the column that remained at room temperature, increasing its ultimate strength. The actual yield strength also ceases to be well defined for the heated column. This finding was repeated in all of the tests. A potential cause for this result could be a modification in the microstructure of the steel, which caused the composite column to behave differently.
Figures 7 -9 and 10 -12 present the temperature increase on the surface of the steel tube, at the steel-concrete interface and in the concrete core for the 30-and 60-minute tests, respectively. Figure 9 shows the behavior of the temperature in the concrete core and suggests that the temperature was lower in the tubes with larger diameters and thicknesses. tube, at the steel-concrete interface and in the concrete core. Figures 9 and 12 show the behavior of the temperature in the concrete core where it is evident that, as expected, the temperature was lower in the tubes with larger diameters and thicknesses.
The graph in Figure 13 shows the temperatures of the columns tested in the oven with and without loads at 30 min. and 60 min.
The results indicate that at 30 min. the steel tube surface was approximately 400 to 500ºC, with practically no loss of load bearing capacity for this temperature range. In the case of a 60-minute exposure time, however, the columns showed temperatures ranging from 600 to 700ºC. An indication of the influence of the thickness of the tube wall and the diameter of the tube on the temperature of the concrete core can also be observed. 
It is noted that there was a slight increase in the temperature of the concrete core in the columns without loads inside the oven. This finding is due to the load inhibiting the evaporation of free water in the concrete, thereby slowing the increase in temperature, as the press system prevented evaporation from the ends of the composite columns, even with the presence of lateral holes in the steel tubes that allow for the liberation of vapor. For the larger diameter columns, it was found that the temperature of the concrete was lower, as observed in column S63-60. This column showed a higher temperature on the surface of the steel tube (Figure 10) , although it showed a lower temperature in the concrete core (Figure 12 ). It is evident that the thickness of the steel tube influenced the increase in the temperature of the concrete core (Figure 13) . Figures 14 and 15 show the curves for the oven obtained during 
Computational results
The SuperTempcalc Program (ANDERBERG [2]) was used to determine the temperature distribution in the cross-section of the columns and to compare the measurements from the physical experimental tests. The actual temperature elevation curves obtained for the oven during the experimental tests were used for computational analysis.
The thermal conductivity and specific heat values for the steel and the concrete as a function of temperature were based on the BS EN 1994 standard [7] and [8] . The values adopted for the emissivity and convection factor were 0.7 and 25 W/m 2 , respectively. The density of the concrete was 25 kN/m 3 . Figure 16 shows the temperature distribution in the cross-section of model C6-30-1 as an example of what was performed for all of the models. In Figures 17 and 18 , the graphs for temperature increases are shown for the models with a 6 mm tube thickness, for 30 and 60 minutes of exposure to the high temperatures, respectively. Figure 19 shows the temperatures achieved on the steel, at the steel-concrete interface and in the concrete core through computational analysis. The influence of the thickness of the tube on the final temperature of the concrete core can also be observed in this graph.
Conclusion
The load bearing capacity of the composite columns suffered a small reduction when they were subjected to high temperatures. This effect only occurred for the models that were heated for 60 minutes, for which the temperatures in the concrete core reached 300 to 400ºC. The load bearing capacity for the columns that remained in the oven for 30 minutes was very similar to that of the columns that were left at room temperature. The stress-strain behavior of the composite columns was altered after exposure to high temperatures relative to the same columns at room temperature. This effect was most evident for the 60-minute exposure tests, which achieved higher temperatures. When these tests were compared to those conducted at room temperature, the yield strength and proportionality limit were lower for the columns that were subjected to high temperatures compared to those that remained at room temperature; however, the ultimate strength of the former group increased slightly to compensate for these reductions. With regards to the application of a load to the columns inside of the oven, it can be concluded that the level of applied load did not affect the final temperatures achieved by the concrete core or its residual load bearing capacity. In the tests where the diameter of the tube remained constant while the thickness varied, the maximum temperature at the interface between the metallic tube and concrete was lower for larger thicknesses. This effect was also observed in the computational analysis for all of the C6 and C8 models, with a diameter of 114.3 mm. Comparing the results of the same cited models revealed that the diameter influenced the final temperature of the concrete core. The composite columns with steel tubes of larger diameter (141.3 mm) showed lower yield strengths compared to those with steel tubes of smaller diameter (114.3 mm) but the same thickness. This The experimental results obtained for the steel-concrete interface and the computational analysis differ somewhat. This divergence could be due to the fact that the experimental measurement was made by placing the thermocouple into the model in a hole created in the metallic tube prior to the curing of the concrete. Thus, the thermocouple was pressed against the concrete.
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